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人類意識的生理基礎為何？
What Is the Biological Basis of Consciousness?

 貴格‧米勒（GREG MILLER）
    幾個世紀以來，對於意識本質的討論是哲學家專門的範圍。但最近關於此議題的出版熱潮顯示，這種情勢顯然開始轉變了，科學家正在積極涉入這場競賽。 
For centuries, debating the nature of consciousness was the exclusive purview of philosophers. But if the recent torrent of books on the topic is any indication, a shift has taken place: Scientists are getting into the game. 
    難道意識本質的問題已經由哲學問題轉向為可被驗證的科學問題？就像是任何有關這議題的答案一般，答案必須取決於受詢問者是誰。科學界似乎開始對這既吊詭且古老的問題興致盎然。然而，現有的學理滿天飛，真正可靠的數據卻是少之又少。 
Has the nature of consciousness finally shifted from a philosophical question to a scientific one that can be solved by doing experiments? The answer, as with any related to this topic, depends on whom you ask. But scientific interest in this slippery, age-old question seems to be gathering momentum. So far, however, although theories abound, hard data are sparse. 
    十七世紀中葉，對意識論述造成深遠影響的法國科學家笛卡兒（Rene Decartes）宣稱，身體與意識為完全不同的成分所組成。他如此推斷，是因為身體存在於時空中，而心靈卻不具有空間的維度。 
The discourse on consciousness has been hugely influenced by René Descartes, the French philosopher who in the mid 17th century declared that body and mind are made of different stuff entirely. It must be so, Descartes concluded, because the body exists in both time and space, whereas the mind has no spatial dimension. 
    近來在意識領域的科學研究，大多都反對笛卡兒的結論，而傾向於將身體與心靈視為一體之兩面。這個論點認為，意識是由腦神經元的特性以及組織所衍生出來的，但它是如何做到的？而且，科學家是如何透過客觀的觀察以及測量來探究這個極私密且主觀的「意識」領域呢？ 
Recent scientifically oriented accounts of consciousness generally reject Descartes’s solution; most prefer to treat body and mind as different aspects of the same thing. In this view, consciousness emerges from the properties and organization of neurons in the brain. But how? And how can scientists, with their devotion to objective observation and measurement, gain access to the inherently private and subjective realm of consciousness? 
　　藉由觀察曾因受傷而意識狀態遭致改變的腦神經患者，科學家已獲得更清楚、更深入的了解。在腦幹某些進化上較為古老之處受傷的病人，其意識將完全無法運作，從而陷入昏迷或植物人狀態。雖然這些特定區域可能為掌控意識的主要開關，但它們未必是意識的唯一來源。不同性質的意識可能產生於腦中不同的區域，例如，大腦皮質層的視覺區受到的損傷可能造成視覺認知方面受限的奇特缺陷。有一名曾受到廣泛研究的患者（被稱為D.F.），即無法辨識形狀或從直立磁碟內確認狹小凹槽的方向。然而，要求她拿起卡片並且經由這個凹槽滑動，她卻可以輕鬆做到。在某種程度上，D.F.必定是知道凹槽的方向，才能順利完成這個動作，但她對自己知道凹槽的方向這件事，似乎一無所知。 
Some insights have come from examining neurological patients whose injuries have altered their consciousness. Damage to certain evolutionarily ancient structures in the brainstem robs people of consciousness entirely, leaving them in a coma or a persistent vegetative state. Although these regions may be a master switch for consciousness, they are unlikely to be its sole source. Different aspects of consciousness are probably generated in different brain regions. Damage to visual areas of the cerebral cortex, for example, can produce strange deficits limited to visual awareness. One extensively studied patient, known as D.F., is unable to identify shapes or determine the orientation of a thin slot in a vertical disk. Yet when asked to pick up a card and slide it through the slot, she does so easily. At some level, D.F. must know the orientation of the slot to be able to do this, but she seems not to know she knows.　
    精密設計的實驗能夠區分神經不曾受損者的意識與無意識的狀態。研究人員希望經由掃描實驗受測者的腦部掃描，以揭示意識認知過程中所需的神經活動線索。以猴子為實驗對象亦可說明意識的某些樣貌，特別是在視覺認知方面。有一個實驗透過對猴子發出視覺幻覺，而創造了一種「雙重穩定的印象」（bitable percept），即看起來一件事物在這一瞬間和下一瞬間是不同的（奈克方塊即為此方位轉換而產生幻覺的著名例證）。經由訓練，猴子可指出牠們感知的幻覺為哪一版本。同時，研究人員追蹤猴子的認知神經元，希望藉由這些神經元指引出意識在視覺認知過程所牽動的神經系統，並且最終可望能夠對於打在視網膜上特別形式的光子，其產生視覺經驗的方式，做出解釋，例如，感覺到看見一朵玫瑰花的經驗。 
Cleverly designed experiments can produce similar dissociations of unconscious and conscious knowledge in people without neurological damage. And researchers hope that scanning the brains of subjects engaged in such tasks will reveal clues about the neural activity required for conscious awareness. Work with monkeys also may elucidate some aspects of consciousness, particularly visual awareness. One experimental approach is to present a monkey with an optical illusion that creates a “bitable percept,” looking like one thing one moment and another the next. (The orientation-flipping Necker cube is a well-known example.) Monkeys can be trained to indicate which version they perceive. At the same time, researchers hunt for neurons that track the monkey’s perception, in hopes that these neurons will lead them to the neural systems involved in conscious visual awareness and ultimately to an explanation of how a particular pattern of photons hitting the retina produces the experience of seeing, say, a rose.　
    然而對於意識之謎，現階段的研究仍只能拼湊出零星碎片，極少直接觸及人類意識底層最奧秘之處：自我的認知。但實驗性工作已經展開，即使最終結果無法對意識如何由錯綜複雜的神經元產生提供前所未有的見解，至少也有助於使下一輪的問題更為精煉。　
Experiments under way at present generally address only pieces of the consciousness puzzle, and very few directly address the most enigmatic aspect of the conscious human mind: the sense of self. Yet the experimental work has begun, and if the results don’t provide a blinding insight into how consciousness arises from tangles of neurons, they should at least refine the next round of questions. 
    科學家們最終想了解的不只是意識的生理基礎，還有它存在的理由。例如什麼樣的選擇壓力會使其發展，以及究竟還有多少我們的同類生物也具備它？某些研究者質疑意識並非人類特有的，當然其前提取決於「意識」如何定義。對於意識的生理標記也許有助於這個問題的確認，從而釐清意識在生命初期如何發展。這樣的標記亦有助於面對親愛的人處於昏迷狀態時，提供醫療判定的訊息。　
Ultimately, scientists would like to understand not just the biological basis of consciousness but also why it exists. What selection pressure led to its development, and how many of our fellow creatures share it? Some researchers suspect that consciousness is not unique to humans, but of course much depends on how the term is defined. Biological markers for consciousness might help settle the matter and shed light on how consciousness develops early in life. Such markers could also inform medical decisions about loved ones who are in an unresponsive state.　
   近年來，冒然著手從事意識的研究，對許多尚未取得終身教職（及已確定能穩拿諾貝爾獎）的科學家來說，這是個令人存疑的生涯進路；幸好，現在有許多年輕研究者也陸續加入這個研究行列。這些待解之謎應會讓他們以及出版業者在未來好幾年內仍有的忙了。 
Until fairly recently, tackling the subject of consciousness was a dubious career move for any scientist without tenure (and perhaps a Nobel Prize already in the bag). Fortunately, more young researchers are now joining the fray. The unanswered questions should keep them—and the printing presses—busy for many years to come. 
問題討論

· 最早的星體與銀河系在何時及如何形成的？ 
· When and how did the first stars and galaxies form? 
· 太空中的星團清晰可見，但想掌握精確的脈絡，卻做不到。取自於人造衛星與地球的天文觀測站資料或許可以很快能從其他細節中，確認最早的星體是在何時燃燒成為充滿宇宙的氫「霧」（fog）。 
· The broad brush strokes are visible, but the fine details aren’t. Data from satellites and ground-based telescopes may soon help pinpoint, among other particulars, when the first generation of stars burned off the hydrogen “fog” that filled the universe. 
· 超高能宇宙射線來自何處？ 
· Where do ultra high-energy cosmic rays come from? 
· 超過特定能量時，宇宙射線在被破壞前不可能邀遊太遠。那麼，為何宇宙射線發掘者能夠在銀河裡發現它們而不需要有明顯的來源？ 
· Above a certain energy, cosmic rays don’t travel very far before being destroyed. So why are cosmic ray hunters spotting such rays with no obvious source within our galaxy? 
· 提供動力於類星體的是什麼？ 
· What powers quasars?
· 宇宙中最強大的能量來源，應是透過陷入旋轉的超巨型黑洞物質來獲得動力的。然而，驅動它們產生動能的種種細節，仍然眾說紛紜。 
· The mightiest energy fountains in the universe probably get their power from matter plunging into whirling supermassive black holes. But the details of what drives their jets remain anybody’s guess.
· 黑洞的本質是什麼？ 
· What is the nature of black holes? 
· 是相對的質量擠進量子大小的物體嗎？它是災害的一種成份，而科學家仍然鍥而不捨地嘗試去解析它的組成要素。 
· Relativistic mass crammed into a quantum-sized object? It’s a recipe for disaster—and scientists are still trying to figure out the ingredients. 
※ 圖文：（1）美國太空總署（噴射推進實驗室）JPL/NASA；（2）美國太空總署（太空天文望遠鏡科學中心）
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